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FOREWORD 

Among  the  responsibilities  assigned  to  the  Office  of  the  Manager,  National 
Communications  System,  is  the  management  of  the  Federal  Telecommunication 
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introduction 


This  document  summarizes  work  performed  by  Delta  Information  Systems,  Inc. 
(DIS)  for  the  National  Communications  System  (NCS),  Office  of  Technology  and 
Standards.  This  office  is  responsible  for  the  management  of  the  Federal 
Telecommunications  Standards  Program,  which  develops  telecommunications 
standards.  The  use  of  these  standards  is  mandatory  for  all  Federal  departments  and 
agencies. 

The  NCS  has  been  a  leader  in  the  development  and  promulgation  of 
standardized  imagery  for  facsimile.  The  NCS  has  sponsored  the  digitization  of 
documents  at  resolutions  of  200,  240,  300, 400,  480,  600,  and  800  lines  per  inch.  This 
data  has  been  used  extensively  in  the  study  of  standard  compression  algorithms  for 
digital  facsimile,  and  has  contributed  significantly  to  the  development  of  facsimile 
recommendations.  These  recommendations  are  of  considerable  value  to  the  United 
States  Government.  In  addition  to  this  work,  the  NCS  sponsored  the  preparation  of 
gray  scale  and  color  images  that  are  representative  of  continuous  tone  pictures  and 
computer  generated  images  to  be  transmitted  through  facsimile  systems. 

The  purpose  of  this  project  was  to  continue  the  work  that  began  in  the  previous 
year  toward  the  achievement  of  an  ITU-T  test  Image  recommendation.  As  a  result  of 
comments  and  suggestions  to  the  imagery  contained  on  the  first  test  CD-ROM  titled 
“Standard  Image  Set,  Beta  Test  CD-OT',  a  second  test  CD-ROM  was  created  for  the 
ITU-T.  Sections  2  through  4  of  this  report  describe  this  new  test  CD-ROM  and  the 
images  contained  on  it.  Section  5  provides  the  standards  groups  who  received 
evaluation  copies  of  the  test  CD-ROM.  Section  6  contains  a  description  of  the  images 
contained  In  the  “JPEG  Continuous-tone  Test  Image  Set”.  This  set  of  images  was  used 
in  the  performance  evaluation  of  nine  different  proposed  JPEG  compression  algorithms. 
In  addition,  the  performance  results  obtained  using  the  different  JPEG  algorithms  on 
these  images  is  given  in  this  section.  Section  7  gives  recommendations  for  further  work 
in  this  area. 

2  Standard  Image  Set  (Beta  Test  CD-02) 

The  title  of  the  new  test  CD-ROM  is  “Standard  Image  Set  (Beta  Test  CD-02)”. 
This  test  CD-ROM  will  also  be  referenced  in  this  report  as  Test  CD-02.  The  test  suite  of 
images  described  in  this  report  are  comprised  of  the  set  of  images  as  specified  in  ITU-T 
Recommendation  T.24.  Test  CD-02  represents  the  current  state  of  the  ITU-T  test 
image  recommendation  and  contains  all  of  the  images  described  in  this  report.  There 
are  three  different  classes  of  images  stored  on  the  test  CD-ROM.  These  three  classes 
are  bi-level  or  1  bit/pixel,  gray  scale  with  8-bits/pixel,  and  color  with  24-bits/pixel.  Since 
all  of  the  images  are  stored  on  the  test  CD-ROM  as  TIFF  files,  they  can  be  viewed  with 
any  available  viewer  complying  with  the  TIFF  specification.  See  Appendix  A  for 
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illustrations  of  the  images  contained  on  Test  CD-02.  For  each  class  of  images,  a  brief 
description  and  a  table  of  image  parameters  is  given  in  the  following  three  sections. 

For  additional  information,  see  the  Technical  Information  Bulletin  93-15  (TIB),  “Scanned 
Images”,  National  Communications  System,  December,  1 993. 

2.1  Bi-level  Images 

The  bi-level  images  are  quantized  using  1-bit  per  sample  or  pixel.  All  of  the  bi¬ 
level  images  are  stored  as  TIFF  files  and  are  compressed  using  ITU-T 
Recommendation  T.6  compression.  Table  1  provides  the  specifications  for  the  bi-level 
images  included  in  the  image  set  on  Test  CD-02. 


TABLE  1  Bi-level  Image  Set 


Bi-level  Image  Set 

Filename 

Figure 

number 

Image  Name 

Description 

Color 

Space 

Bits  per 
comp. 

Image  Dimensions 
Pixels  (WxH) 

Resolution 

(Pixels/Inch) 

File  Size 
(Bytes) 

F01_200 

1 

ITU-T  Document  No.  1 

English  Letter 

Bi-level 

1 

1728  x  2339 

200 

32,613 

F01_300 

1 

u  n 

U  19 

Bi-level 

1 

2592  X  3508 

300 

58,368 

F01_400 

1 

M  7f 

U  19 

Bi-level 

1 

3456  x  4677 

400 

92,460 

F01_600 

1 

u  n 

u  » 

Bi-level 

1 

5184x7016 

600 

181,470 

F02.200 

2 

ITU-T  Document  No.  2 

Circuit  Drawing 

Bi-level 

1 

1728x2339 

200 

32,092 

F02_300 

2 

« 

U  99 

Bi-level 

1 

2592x3508 

300 

55,001 

F02_400 

2 

u  n 

U  99 

Bi-level 

1 

3456  x  4677 

400 

83,833 

F02_600 

2 

u  n 

U  M 

Bi-level 

1 

5184x7016 

600 

147,882 

F03.200 

3 

ITU-T  Document  No.  3 

French  Invoice 

Bi-level 

1 

1728x2339 

200 

57,161 

F03_300 

3 

u  n 

Bi-tevel 

1 

2592  X  3508 

300 

101,549 

F03_400 

3 

a  n 

Bi-level 

1 

3456  X  4677 

400 

155,603 

F03.600 

3 

u  » 

u  » 

Bi-level 

1 

5184x7016 

600 

287,596 

F04_200 

4 

ITU-T  Document  No,  4 

French  Text 

Bi-level 

1 

1728  X  2339 

200 

94,974 

F04_300 

4 

u  n 

Bi-level 

1 

2592  X  3508 

300 

175,273 

F04_400 

4 

a  19 

U  It 

Bi-level 

1 

3456  X  4677 

400 

278,152 

F04.600 

4 

u  n 

u  n 

Bi-level 

1 

5184x7016 

600 

536,250 

F05_200 

5 

ITU-T  Document  No.  5 

French  Text  Figures 

Bi-level 

1 

1728x2339 

200 

59,712 

F05_300 

5 

u  n 

u  n 

Bi-level 

1 

2592  x  3508 

300 

106,388 

F05_400 

5 

u  n 

u 

Bi-level 

1 

3456  x  4677 

400 

165,997 

F05.600 

5 

u  n 

a  n 

Bi-level 

1 

5184  x  7016 

600 

304,338 
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Bi-level  Image  Set 


Description 


Image  Dimensions 
Pixels  (WxH) 

Resolution 

(Pixels/Inch) 

File  Size 
(Bytes) 

1728  X  2339 

200 

47,877 

2592  X  3508 

300 

80,729 

3456  X  4677 

400 

124,469 

5184  x  7016 

600 

223,105 

1728x2339 

200 

101,882 

2592  X  3508 

300 

177,144 

3456  X  4677 

400 

272,005 

5184  x  7016 

600 

218,952 

1728  X  2339 

200 

60,221 

2592  X  3508 

300 

104,319 

3456  x  4677 

400 

161,804 

5184  x  7016 

600 

270,070 

3504  x  4750 

400 

399,561 

1728x2336 

200 

150,078 

2048  X  2800 

240 

271,285 

2560  X  3500 

300 

393,607 

3072  X  2048 

400 

942,716 

3072  X  2048 

400 

736,317 

3072  x  2048 

400 

1,145,619 

3072  x  2048 

400 

969,973 

1904x1488 

200 

334,141 

3456x4416 

800 

406,855 

3072x4352 

400 

832,344 

F06_200 


F06_300 


F06,400 


F06_600 


F07_200 


F07_300 


F07_400 


F07_600 


F08_200 


F08_300 


F08_400 


F08_600 


F09  400 


F10_240 


F1 0^300 


F1 1^400 


F1 2^400 


F1 3^400 


F14_400 


F1 5.200 


F16  800 


Figure 

number 


Image  Name 


ITU-T  Document  No.  6 


French  Chart 


ITU-T  Document  No.  8 


Handwritten 

Memorandum 


T.22  Test  Chart  No.  4 


Half-tone  Chart 


Facsimile  Test 
Chart 


Sailboat  #1 


Sailboat  #2 


Sailboat  #3 


Sailboat  #4 


Composite 


Text  for  legibility  Bi-ievel 
testing,  half-tones 


Bi-level 


Bi-level 


Bi-ievel 


Bi-level 


Bi-level 


Bi-level 


8x8  dithering 


Error  diffusion 


4x4  dithering 


3x3  dithering 


Dithered  composite  Bi-level 


Magazine  Text,  Half-tone  Screened  half-tone  Bi-level 
and  inverted  text 


Magazine  Page, 
Composite 


Contains  half-tone,  Bi-level 
text  and  inverted 
text 


Color  Bits  per 
Space  comp. 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-level 


Bi-leve! 


TOTAL  IMAGE  STORAGE  SPACE  REQUIREMENTS 


2.1 .1  ITU-T  Reference  Documents 


Figures  1  through  8  illustrate  the  8  standard  ITU-T  Reference  documents.  These 
documents  have  been  used  extensively  by  experimenters  over  the  years.  Each 
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document  is  provided  at  4  different  resolutions  of  200,  300,  400,  and  600  pixels  per  inch 
with  1  bit  per  pixel. 

2.1.2  Black/White  Facsimile  Test  Chart  BW01 

This  bi-level  image  shown  in  Figure  9  is  the  first  of  two  charts  that  make  up  T.22 
and  is  called  T.22  Test  Chart  No.  4.  The  image  is  the  digitization  of  the  high  contrast 
black  and  white  chart  which  contains  text  in  a  variety  of  languages,  fonts  and  pitches, 
and  various  test  patterns. 

2.1.3  Half-Tone  Images 

Figures  10  through  17  illustrate  bi-level  halftone  images.  Figure  10  is  the  image 
containing  random  text  in  four  different  fonts  with  six  different  point  sizes.  The  lower 
half  contains  half-tone  imagery  at  five  different  screen  densities.  Figure  16  is  a 
combination  of  a  screened  halftone  image  and  an  electronically  scanned  text  that  has 
been  inverted.  Both  the  text  and  image  components  of  the  figure  were  extracted  from  a 
magazine.  Figure  17  is  a  composite  of  electronically  scanned  segments  of  magazine 
pages.  It  includes  a  half-tone,  text,  and  inverted  text. 

2.1. 3.1  Dithered  Images 

Four  different  processing  algorithms  were  applied  to  a  gray  scale  sailboat  image 
to  produce  the  sailboat  Figures  11  through  14.  The  processing  included  8x8  dithering, 
error  diffusion,  4x4  dithering,  and  3x3  dithering  for  figures  1 1  through  14  respectively. 
Figure  15  Is  the  house  with  sky  image  processed  with  dither  patterns  of  4x4,  random 
dithering,  ordered  8x8,  and  clump  dithering  in  clockwise  order  starting  from  the  upper 
left  corner. 

2.2  Gray  Scale  Images 

Table  2  provides  the  specifications  for  the  gray  scale  images  included  in  the 
image  set  on  Test  CD-02.  The  gray  scale  images  are  stored  uncompressed  in  the  TIFF 
file  format  with  the  Photometric  Interpretation  Tag  set  to  1  and  the  bits  per  sample  set 
to  8. 
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TABLE  2  Gray  scale  Image  Set 


■■ 

Gray  scale  Image  Set 

1 

Figure 

number 

Image  Name 

Description 

Color 

Space 

Bits  per 
comp. 

Image 
Dimensions 
Pixels  (W  X  H) 

Resolution 

(Pixels/Inch) 

File  Size 
(Bytes) 

FI 8^200 

18 

T.22  Test  Chart  No.  5 

Continuous  tone 
test  chart  CT01 

Gray  scale 

8 

1700  x  2184 

200 

3,713,248 

F18_400 

18 

« 

Gray  scale 

8 

3380  X  4367 

400 

14,760,908 

F1 9^200 

19 

House  With  Trees 

Photo  of  a  house 
surrounded  by 
trees 

Gray  scale 

8 

940  X  820 

200 

774,174 

FI  9^240 

19 

u  » 

Gray  scale 

8 

1128x984 

240 

1,114,310 

FI  9^300 

19 

“ 

Gray  scale 

8 

1410x1230 

300 

1,740,954 

FI 9^400 

19 

« 

u  n 

Gray  scale 

8 

1880 X 1640 

400 

3,091,494 

F20_200 

20 

House  With  Sky 

Photo  of  a  house; 
decorative 
plantings  only 

Gray  scale 

8 

940  X  820 

200 

783,598 

F20„240 

20 

u  n 

u 

Gray  scale 

8 

1128x984 

240 

1.127,878 

F20_300 

20 

u  n 

U  It 

Gray  scale 

8 

1410x1230 

300 

1,762,168 

F20_400 

20 

u  n 

u  n 

Grayscale 

8 

1880x1640 

400 

3,129,174 

1  _  TOTAL  IMAGE  STORAGE  SPACE  REQUIREMENTS 

31,997,906 

2.2.1  T.22  test  Chart  No.  5 


Figure  18  is  the  continuous  tone  gray  scale  test  chart  designed  specifically  for 
facsimile  testing.  This  image  is  part  two  of  ITU-T  T.22.  The  file  consists  of  several 
strips  and  patches  of  various  gray  scale  levels  and  two  photographs,  an  architectural 
photograph  and  a  portrait.  Figure  18  is  given  at  two  resolutions,  200  pixels  per  inch 
and  400  pixels  per  inch. 

2.2.2  House  with  Trees  and  House  with  Sky 

Figures  19  and  Figure  20  are  the  gray  scale  House  with  Trees  image  and  House 
with  Sky  image  respectively.  The  House  With  Trees  and  House  With  Sky  images  have 
been  digitized  at  the  resolutions  of  200,  240,  300,  and  400  pixels  per  inch. 

2.3  Color  Images 

The  color  images  are  stored  as  Class  R  uncompressed  TIFF  6.0  files.  The 
images  are  pixel  interlaced  consisting  of  L*a*b*  triplets  with  8-bit  precision  for  each 
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color  component.  The  resulting  images  are  24  bit  color.  The  images  were  also 
converted  (except  for  the  scanned  Color  Test  Chart)  and  stored  as  pixel  interlaced  files 
consisting  of  RGB  triplets  of  one-byte  precision  for  the  R,  G,  and  B  color  components. 
Table  3  provides  the  specifications  for  the  color  images  included  in  the  image  set  on 
Test  CD-02.  The  Scanned  Color  Chart  and  the  Computer-generated  Color  Chart 
images  shown  in  Figure  21  are  derived  from  ITU-T  T.23  test  Chart  No.  6.  The  color 
images  shown  in  Figures  22  through  24  originate  from  the  Color  Test  Chart. 


TABLE  3  Color  Image  Set 


Color  Image  Set 

Filename 

Figure 

number 

Image  Name 

Color  Space 

Bits  per 
comp. 

Image 
Dimensions 
Pixels  (WxH) 

Resolution 

(Pixels/Inch) 

File  Size 
(Bytes) 

F21_200 

21 

Scanned  Color  Chart 

CIELAB 

8 

1688  X  2347 

200 

11,885,412 

F21_400 

21 

« 

CIELAB 

8 

3399x4752 

400 

48,456,749 

F21a200 

21 

Computer-generated  color 
chart 

CIELAB 

8 

1752  X  2375 

200 

12,502,266 

F21a400 

21 

CIELAB 

8 

3504x4750 

400 

49,970,266 

F21b400 

22 

Kids  with  toys 

CIELAB 

8 

3242  X  3656 

400 

35,587,708 

F21C400 

23 

Computer-generated 

Spheres 

CIELAB 

8 

1024x512 

400 

1,577,164 

F21d200 

24 

Graphics-art 

CIELAB 

8 

2644  x  3046 

200 

24,185,444 

F21_200v 

21 

Scanned  Color  Chart 

RGB 

8 

1688  X  2347 

200 

11,885,412 

F21_400v 

21 

u  n 

RGB 

8 

3399  X  4752 

400 

48,456,749 

F21a200v 

21 

Computer-generated  color 
chart 

RGB 

8 

1752  X  2375 

200 

12,502,266 

F21a400v 

21 

RGB 

8 

3504  x  4750 

400 

49,970,266 

F21b400v 

22 

Kids  with  toys 

RGB 

8 

3242  x  3656 

400 

35,587,708 

F21c400v 

23 

Computer-generated 

Spheres 

RGB 

8 

1024x512 

400 

1,577,164 

F21d200v 

24 

Graphics-art 

RGB 

8 

2644  X  3046 

200 

24,185,444 

TOTAL  IMAGE  STORAGE  SPACE  REQUIREMENTS 

368,330,018 

2.3.1  CIELAB  Color  Space 

The  color  image  files  are  stored  with  the  CIELAB  color  space.  Although  the 
Photometric  tag  corresponding  to  the  CIELAB  color  space  is  defined  for  the  TIFF  file 
format,  few  TIFF  implementations  currently  use  this  Photometric  tag.  An  approved 
standard  for  an  8-bit  fixed  point  representation  of  the  L*,  a*,  and  b*  components  of 
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CIELAB  has  not  been  defined.  For  this  reason,  the  TIFF  6.0  file  format  used  for  the 
color  images  does  not  have  the  Photometric  tag  set  to  CIELAB,  but  rather  to  RGB.  The 
seven  color  images  supplied  on  this  CD-ROM  with  the  CIELAB  color  space  have  the 
following  8-bit  fixed  point  representation  of  the  L*.  a*.  and  b*  components.  The  L* 
component  range  is  0  to  100  [0,100]  and  the  a*  and  b*  component  range  is  -128  to  127 
[-128,127].  These  files  are  useful  for  the  comparison  of  image  compression  algorithm 
performance. 

2.3.2  RGB  Color  Space 

The  color  images  are  also  stored  in  the  RGB  color  space.  The  color  test  chart 
was  scanned  using  an  RGB  scanner  and  the  RGB  values  generated  by  the  scanner  are 
contained  in  the  file.  For  all  the  other  color  images,  the  mapping  from  the  CIELAB  color 
space  to  the  RGB  color  space  was  necessary.  The  L*,  a*,  and  b*  components  of  each 
color  image  were  converted  to  monitor  RGB  values  with  gamma  correction.  The  color 
images  stored  in  the  RGB  color  space  are  included  for  viewing  purposes.  The  use  of 
these  images  for  the  comparison  of  image  compression  algorithm  performance  is  not 
recommended  due  to  the  losses  inherent  in  the  color  space  mapping  from  CIELAB  to 
RGB.  The  inclusion  of  color  images  in  the  RGB  color  space  was  done  primarily  for 
viewing  purposes. 

2.3.3  Scanned  Color  Chart 

The  Scanned  Color  Chart  image  is  derived  from  ITU-T  T.23  test  Chart  No.  6  at 
two  resolutions.  Figure  21  shows  the  4-Color  Printing  Facsimile  Test  Chart  4CP01 
which  was  scanned  on  an  HP  ScanJet  IIC  RGB  scanner  at  400  pixels  per  inch.  The 
scanner  maps  the  colors  into  the  RGB  monitor  gamut  causing  clipping  of  come 
saturated  colors  and  re-mapping  of  the  primary  colors.  For  calibration,  the  black  patch 
was  mapped  to  0,0,0,  and  the  paper  white  to  255,255,255.  The  RGB  values 
correspond  to  Sony  Trinitron  phosphors  with  gamma  1.8  (Standard  Macintosh  color 
use).  The  resulting  scanned  image  is  referred  to  as  the  Scanned  Color  Chart.  The  200 
pixel/inch  scan  was  achieved  using  subsampling  and  pixel  averaging.  Each  image  was 
constructed  as  an  uncompressed  baseline  TIFF  file  with  the  RGB  color  space  used  for 
the  Image  input  data.  Subsequently,  the  files  were  converted  to  the  CIELAB  color 
space  to  be  consistent  with  the  color  facsimile  recommendations. 

Digitization  of  the  gray  scale  images  presented  no  special  problems,  since  they 
are  true  gray  scale  photographs.  However,  an  artifact  was  generated  in  scanning  the 
Color  Test  Chart.  The  target  color  image  is  screened  (i.e.,  printed  using  a  process 
which  converts  the  3-channel,  continuous  tone  data  to  4-color  separations  in  which  the 
intermediate  tone  levels  are  represented  with  a  regular  pattern  of  color  dots),  and 
therefore  wavelike  patterns  can  be  seen  in  certain  areas.  This  is  an  artifact  of  the 
frequency  difference  between  the  screen  and  the  scan. 
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A  problem  was  noted  regarding  the  paper  and  ink  used  in  the  printing  process  of 
the  Color  Test  Chart  proof.  While  the  paper,  cyan  ink,  and  magenta  ink  do  not  appear 
to  fluoresce,  the  yellow  ink  fluoresces,  and  may  cause  perceptible  color  variation 
depending  on  the  illuminant.  In  addition,  the  yellow  is  out  of  the  video  color  gamut,  as 
measured  under  D65  illumination.  These  observations  pertain  to  the  proof  copies  of 
the  color  test  chart. 

2.3.4  Computer-generated  Color  Chart 

The  Computer-generated  Color  Chart  image  shown  in  Figure  21  is  also  derived 
from  ITU-T  T.23  Test  Chart  No.6  at  two  resolutions.  A  digital  bitmap  representation  of 
the  Color  Test  Chart  provides  experimenters  with  the  optimum  test  input  source  without 
distortions  or  losses  created  during  printing,  scanning,  and  color  space  conversions. 
The  digital  version  of  the  Color  Test  Chart  is  called  the  Computer-generated  Color 
Chart.  The  Computer-generated  Color  Chart  is  an  accurate  implementation  of  the 
colors  and  luminance  values  in  the  original  Color  Test  Chart.  The  digital  bitmap  version 
of  the  Color  Test  Chart  (Computer-generated  Color  Chart)  complements  the  Scanned 
Color  Chart. 

This  version  is  an  accurate  bit  map  reconstruction  of  the  Color  Test  Chart 
rendered  at  400  pixels/inch  with  anti-aliased  fonts  in  the  CMYK  color  space.  The  image 
was  converted  to  CIELAB  assuming  a  SWOP  (standard  web  offset  proofing)  color  set 
with  twenty  percent  dot  gain.  The  image  was  subsampled  with  pixel  averaging  to 
produce  the  200  pixel  per  inch  representation  of  the  Color  Test  Chart.  The  color 
conversion  may  be  further  refined  when  better  conversion  data  becomes  available. 

The  screens  used  in  the  printed  color  chart  are  not  reproduced,  but  rather  continuous 
tones  have  been  generated. 

2.3.5  Kids  with  Toys 

Figure  22  is  the  Kids  With  Toys  photograph  that  demonstrates  higher  sharpness 
for  fine  detail  in  the  stuffed  animals  and  the  faces  and  provides  for  a  range  of  textures 
and  patterns.  Widespread  variations  in  luminance,  hue,  and  saturation  are  made 
possible  by  the  presence  of  both  bright  and  pastel  colors.  Also,  the  image  is  rich  in 
slowly  varying  color  textures  broken  up  with  sharp  color  boundaries. 

2.3.6  Computer-Generated  Spheres 

Figure  23  is  a  computer-generated  simulation  of  spheres.  This  image  utilizes 
shadings  that  produce  a  three-dimensional  effect.  The  image  contains  differently 
colored  spheres  at  a  number  of  various  sizes  on  a  black  background.  This  provides  a 
wide  range  of  color  shadings  with  distinct  edges.  In  general,  each  sphere  is  one  color, 
shaded  to  give  a  three-dimensional  appearance.  The  gradual  transition  in  color  for  the 
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shading  of  each  sphere  provides  an  excellent  medium  for  discerning  possible 
contouring  effects.  If  contouring  is  present,  it  will  usually  manifest  itself  as  a  series  of 
concentric  circles  with  slightly  different  colors.  The  edges  of  the  spheres  also  provide 
sharp  boundaries  against  both  the  black  background  and  other  spheres. 

2.3.7  Graphics-Art 

Figure  24  is  a  graphic  image  from  a  magazine  cover  that  exhibits  a  three- 
dimensional  effect.  It  uses  pastel  colors  to  denote  surfaces  and  fine  black  lines  to 
enhance  details.  It  contains  a  number  of  repetitive  patterns  coupled  with  sharp 
boundaries  between  the  various  colors. 

3  Test  CD-02  image  Storage 

All  of  the  images  in  the  Standard  Image  Set  are  stored  in  TIFF  and  use  “.tif  as 
the  file  name  extension.  The  images  are  contained  in  the  MMAGES  subdirectory  on  the 
Test  CD-02  CD-ROM.  All  files  on  the  Test  CD-02  CD-ROM  conform  to  the  ISO  9660 
format  and  are  optimized  for  the  MS-DOS  environment.  The  CD-ROM  file  structure  is 
based  on  the  Level  1  Interchange  format  defined  by  the  ISO  9660  standard.  In  order 
for  a  computer  operating  system  to  access  the  Standard  Image  Set  from  CD-ROM,  the 
operating  system  must  contain  software  that  interprets  the  ISO  9660  file  structure.  This 
software  is  typically  an  extension  to  the  operating  system  software.  In  order  to  achieve 
compatibility  across  many  computer  platforms,  the  CD-ROM  was  restricted  to  a  Level  1 
Interchange  format  which  is  the  most  universally  supported  mode.  The  CD-ROM  may 
also  be  read  on  a  UNIX  platform  and  Macintosh  computer. 

The  three  classes  of  images  are  stored  on  Test  CD-02  as  follows.  The  bi-level 
images  are  stored  using  ITU-T  Rec.  T.6  compression  (Modified  Modified  Read  or 
MMR).  Due  to  the  compression  achieved  for  the  stored  images,  the  storage 
requirements  listed  in  the  CD-02  File  Reference  Guide  are  greater  than  the  actual 
storage  space  required  by  each  bi-level  image  on  the  CD-ROM.  Table  1  shows  the 
actual  file  storage  space  requirements  for  each  image.  Since  T.6  compression  is  image 
preserving,  no  information  is  lost.  The  gray-scale  images  are  stored  with  the 
WordPerfect  5.1  TIFF  flavor.  The  color  images  are  stored  as  class  R  TIFF  6.0  files. 
Class  R  is  a  baseline  implementation  of  the  TIFF  file  format  that  does  not  use 
compression.  The  color  images  are  stored  in  both  the  CIELAB  color  space  and  the 
RGB  color  space. 

4  Test  CD-02  Architecture  and  Duplication 

A  set  of  200  Test  CD-02  CD-ROMs  were  manufactured  from  the  master  disk 
supplied  by  DIS.  The  Test  CD-02  master  CD-ROM  contains  all  of  the  Images 
referenced  in  the  ITU-T  Recommendation  T.24  except  for  the  highest  resolutions  (400 
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and  480  pixel/inch)  of  the  Half-tone  Chart.  These  two  images  are  missing  from  the  DIS 
personal  computer-based  archive.  New  printed  materials  (Booklet  and  Inlay  Card)  and 
CD  label  artwork  were  made  for  the  new  Test  CD-02  CD-ROM. 

A  number  of  refinements  were  made  to  the  new  Test  CD-02  CD-ROM.  These 
refinements  were  performed  to  both  the  documentation  files  contained  on  the  CD-ROM 
and  to  the  printed  materials  that  are  placed  in  the  jewel  box  case.  The  utilization  of  a 
more  consistent  file  naming  convention  was  used  for  identifying  the  images.  Each 
image  file  name  uses  a  reference  in  the  first  three  characters  to  its  appropriate  figure 
number  in  the  ITU-T  Recommendation  T.24.  The  new  file  names  were  used  in  the 
booklet.  Also,  the  image  dimensions  in  both  pixels  and  inches  were  added  to  the  File 
Reference  Guide  which  makes  up  three  pages  of  the  CD-ROM  booklet.  The  fourth 
page  is  the  front  cover  to  the  jewel  box  case.  New,  two-color  artwork  was  added  to  the 
front  cover  (rear  of  booklet)  and  the  Inlay  card  to  clearly  identify  the  CD-ROM  “Standard 
Image  Set  (Beta  Test  CD-02)”.  The  new  artwork  was  made  In  order  to  avoid  confusion 
with  the  previously  released  CD-ROM  “Standard  Image  Set,  CD-01". 

In  addition  to  the  images  stored  on  the  CD-ROM,  a  number  of  documentation 
files  were  added  to  give  the  user  information  on  the  image  file  format  and  image 
content.  The  README  file  provides  a  directory  to  all  of  the  documentation  file  names 
and  their  content.  The  README  file  also  provides  the  user  with  information  about  the 
image  content  and  the  TIFF  parameters  used  in  storing  the  images.  A  very  brief 
description  of  the  image  content  Is  also  included  in  the  README  file.  The  Image  File 
Specifications  file  (IMGSPEC.ASC)  which  is  stored  in  ASCII  contains  the  image  file 
names  and  parameters  of  the  Standard  Image  Set  (Beta-Test  CD-02).  Also  included 
on  the  CD-ROM  are  three  separate  files  of  the  ITU-T  Recommendation  T.24  stored  in 
ASCII  text  format,  in  Word  for  Windows  2.0  format  and  in  Postscript.  The  TIFF  6.0 
specification  was  included  as  a  Postscript  file  for  user  reference  to  the  Tagged  Image 
File  Format  version  6.0. 

5  Test  CD-02  Distribution 

A  few  prototypes  of  the  Test  CD-02  CD-ROM  were  distributed  to  attendees  at 
the  WG1  meeting  held  in  March.  Thirty  copies  of  the  finished  product  were  taken  to  the 
ITU-T  Study  Group  8  meeting  in  Geneva  and  distributed  to  key  members.  Copies  of 
the  Test  CD-02  were  also  sent  to  members  of  the  TIA  TR-29  committee,  the  X3L3 
committee,  and  other  interested  parties  for  comments. 
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6  JPEG  Continuous-Tone  Test  Images 
6.1  CD-ROM  Contents 

This  section  describes  a  collection  of  images  on  CD-ROM  which  was  assembled 
by  Delta  Information  Systems.  The  CD-ROM  was  created  so  that  the  performance  of 
different  proposed  JPEG  compression  algorithms  could  be  evaluated  and  compared. 
The  test  images  were  selected  to  represent  a  wide  range  of  image  classes.  The  image 
classes  on  the  CD-ROM  include  video  images,  scanned  images,  medical  imagery,  fine 
works  of  art,  computer  generated  diagrams,  aerial  photographs,  and  compound 
documents. 

The  current  version  of  the  CD-ROM  contains  30  images  in  a  variety  of  file 
formats  and  color  spaces.  The  images  are  stored  in  the  TIFF  format,  the  RAW  format 
or  the  Sun  Raster  format  (for  grayscale  images).  The  image  color  spaces  consist  of 
RGB,  CMYK,  CIELab,  YUV,  and  grayscale.  The  SCID  images  represent  imagery  from 
the  Standard  color  image  data  source.  For  more  information,  the  reader  is  referred  to 
the  ISO  report  document  ISO/DIS  12640,  titled  “Graphic  technology  -  Prepress  digital 
data  exchange  -  Standard  color  image  data  (SCID)”.  This  document  was  balloted  May 
4, 1995  and  received  final  approval  in  December,  1995.^  A  text  file  which  describes  the 
images  is  included  on  the  CD-ROM.  Table  4  lists  the  characteristics  of  each  image  on 
the  CD-ROM.  Hard  copies  of  the  images  (in  grayscale)  are  included  in  Appendix  B  of 
this  report.  At  the  time  of  this  writing,  fifteen  copies  of  the  CD-ROM  have  been  copied 
and  distributed  to  the  JPEG  algorithm  proposers. 

TABLE  4  JPEG  Test  Image  Specifications 


JPEG  Continuous-tc 

me  Test  Image  Set 

Filename 

Source 

Image  Description 

Color 

Space 

Bits  per 
component 

Image 
Dimensions 
Pixels  (WxH) 

File  Size 
(Bytes) 

HOTEL 

CCIR  601 

Hotel 

YUV 

8 

720  X  576 

830,932 

GOLD 

CCIR  601 

Gold 

YUV 

8 

720  X  576 

830,932 

BIKE 

SCID 

N5“Bike” 

CMYK 

8 

2048  X  2560 

20,972,544 

WOMAN 

SCID 

N1  “Portrait” 

CMYK 

8 

2048  X  2560 

20,972,544 

CAFE 

SCID 

N2  “Cafeteria” 

CMYK 

8 

2048  X  2560 

20,972,544 

TOOLS 

Crosfield 
drum  scan 

Tools 

CMYK 

8 

1524x1200 

7,315,854 

B1KE3 

Crosfield 
digital  scan 

Motorcycle 

RGB 

8 

781 X 919 

2,153,821 

WATER 

PhotoCD 

Water 

RGB 

8 

2,048  X  3072 

18,899,574 
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JPEG  Continuous-tone  Test  Image  Set 


Filename 

Source 

Image  Description 

Color 

Space 

Bits  per 
component 

Image 
Dimensions 
Pixels  (WxH) 

File  Size 
(Bytes) 

CATS 

PhotoCD 

Cats 

RGB 

8 

2,048  X  3072 

18,899,568 

AERIAL1 

Aerial  Photo 

Aerial  1 

RGB 

11 

1024x1024 

6,291,992 

AER1AL2 

Aerial  Photo 

Aerial  2 

RGB 

8 

720  X 1024 

2,212,136 

CMPND1 

Computer 

generated 

Compound  1 

RGB 

8 

512x768 

1,179,892 

CMPND2 

Computer 

generated 

Compound  2 

RGB 

8 

1024x1400 

4,301,404 

FINGER 

Fingerprint 

11010092 

mono 

8 

512x512 

262,482 

X^RAY 

medical  x-ray 

X-ray- “XRI.I” 

mono 

12 

2048  X 1680 

6,881,312 

CR 

Computer 

radiology 

CR  “CR-ABDMN” 

mono 

10 

1744  X  2048 

7,143,456 

CT 

Computer 

tomography 

CT  “CTTI” 

mono 

12 

512x512 

524,320 

US 

Ultrasound 

Ultrasound  “US1.DCM” 

mono 

8 

512x488 

229,808 

MRi 

Magnetic 

resonance 

MRI  “MRI.r* 

mono 

11 

256  X  256 

131,104 

FAXBALLS 

Computer 

generated 

“FAXBALLS” 

CIELab 

8 

1,024x512 

1,577,164 

PC 

Computer 

generated 

Printed  Circuit  Board  Layout 

CIELab 

8 

1575X2185 

10,324,620 

CHART 

Computer 

generated 

T.23  Test  Chart  No  6  -  4  Color 
Printing  Facsimile  Test  Chart” 

CIELab 

8 

1752  X  2375 

12,502,266 

CHART^S 

Scan  of  chart 

T.23  Test  Chart  No  6  -  4  Color 
Printing  Facsimile  Test  CharT 

RGB 

8 

1688  X  2347 

11,885,812 

BAND1 

Sensor  Array 

“Aerial  Image  -  Blue  band” 

BLUE 

8 

736  X  736 

541,934 

BAND2 

Sensor  Array 

“Aerial  Image  -Green  band” 

GREEN 

8 

736  X  736 

541,934 

BANDS 

Sensor  Array 

“Aerial  Image  -Red  band” 

RED 

8 

736  X  736 

541,934 

BAND4 

Sensor  Array 

“Aerial  Image  -  Near  IR  band” 

Near  IR 

8 

736  X  736 

541,934 

EDUC 

Scan 

Fine  Arts  1 ,  engraving 

mono 

8 

2850x4096 

11,676,100 

INGRESS 

Scan 

Fine  Arts  2,  painting 

RGB 

8 

4088x4608 

56,512,700 

INGRES16 

Scan 

Fine  Arts  3,  painting 

RGB 

12 

4088x4608 

113,025,212 

TOTAL  IMAGE  STORAGE  SPACE  REQUIREMENTS 

The  following  paragraphs  contain  further  information  about  the  format  and  usage 
of  the  files  on  the  CD-ROM. 
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Several  of  the  images  on  the  disk  are  stored  in  more  than  one  format  for 
convenience.  For  example,  the  PhotoCD  images  (WATER  and  CATS)  are  also  stored 
with  each  color  plane  (red,  green,  and  blue)  contained  in  a  separate  TIFF  file.  The 
HOTEL  and  GOLD  images  are  also  stored  with  the  color  planes  separated  into 
individual  color  plane  files  (one  each  for  Y,  U,  and  V).  When  the  images  are  used  for 
JPEG  algorithm  evaluation,  each  color  band  must  be  compressed  separately  from  the 
others.  Therefore,  it  is  simpler  for  the  evaluation  to  maintain  separate  files  for  each 
color  component. 

The  two  aerial  photo  images  are  supplied  in  both  TIFF  and  band  sequential 
(BSQ)  formats.  The  BSQ  format  has  no  header  and  is  included  on  the  CD-ROM  in 
case  difficulty  is  encountered  handling  the  TIFF  images.  AERIAL1  is  the  overhead  shot 
of  an  industrial  site  with  railroad  cars  and  water.  AERIAL2  is  the  overhead  shot  of  a 
coast  line  with  a  curving  bridge.  The  BAND1,  BAND2,  BANDS  and  BAND4  images  on 
the  CD-ROM  are  produced  by  an  aerial  sensor  array  which  provides  a  near-infrared 
band  as  well  as  bands  for  red,  green,  and  blue.  BAND4  contains  the  near-infrared 
image.  The  scene  in  these  images  is  the  same  as  that  in  the  AER1AL2  image.  The 
four  color  bands  in  the  BAND  images  are  stored  in  both  TIFF  and  RAW  files. 

The  medical  images  are  stored  in  Sun  Raster  files  with  the  YY  extension.  The 
FAXBALLS  and  CHART  images  are  stored  in  the  CIELab  color  space  with  the  TIFF 
Photometric  Interpretation  tag  set  to  RGB.  The  PC  image  is  a  computer  generated  cad 
drawing  of  a  printed  circuit  board  layout.  It  is  stored  in  the  CIELab  color  space  with  the 
TIFF  Photometric  Interpretation  tag  set  to  LAB. 

The  fine  art  images  are  all  stored  in  TIFF  files.  The  fine  art  scanned  image  of  a 
painting  is  supplied  in  both  8  bits  per  color  plane  (INGRESS)  and  16  bits  per  color  plane 
(INGRES16).  The  fine  art  scanned  image  of  an  engraving  (EDUC)  is  an  8  bit  mono  or 
grayscale  image. 

6.2  JPEG  Compression  Evaluation  Using  Test  Images 

The  JPEG/JBIG  working  group  has  recently  developed  quantitative  evaluation 
criteria  for  lossless  continuous-tone  image  compression^.  A  copy  of  the  evaluation 
criteria  is  included  in  Appendix  C  of  this  report.  According  to  the  evaluation  criteria, 
JPEG  compression  algorithms  are  scored  on  both  lossless  and  near-lossless 
performance.  The  lossless  compression  score  for  each  algorithm  is  determined  by 
performance  and  memory  cost.  The  near-lossless  compression  score  is  determined  by 
the  root  mean  squared  error  (RMSE)  as  well  as  the  performance  and  memory 
requirements  of  the  algorithm. 

The  evaluation  criteria  and  test  images  are  useful  tools  for  the  comparison  of 
proposed  JPEG  compression  algorithms.  The  test  images  on  the  CD-ROM  were 
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encoded  by  nine  proposed  JPEG  compression  algorithms  and  the  evaluation  criteria 
was  used  to  compare  the  performance  of  the  algorithms.  Six  corporations  developed 
compression  algorithms  including  RICOH,  Mitsubishi,  NEC,  Canon,  Hewlett  Packard, 
and  Kodak.  Academic  institutions  contributed  three  proposals.  The  University  of 
California,  Santa  Clara  (UCSC)  submitted  two  JPEG  compression  algorithms  including 
one  by  Don  Speck  and  another  by  Glen  Langdon,  et.  al.  The  remaining  proposal  came 
from  three  researchers  at  separate  universities,  namely  Xiaolin  Wu,  Nasir  Memon,  and 
Khalid  Sayood. 

Each  of  the  organizations  listed  above  used  their  JPEG  algorithm  to  compress 
the  images  on  the  CD-ROM.  After  compressing  the  images,  they  returned  data  for 
each  image  including  the  compressed  file  sizes  and  root  mean  squared  error  to  Delta. 
This  information  was  entered  into  a  spreadsheet  and  the  scores  were  calculated  using 
the  evaluation  criteria  in  Appendix  C.  To  simplify  analysis  of  the  results,  the  score  from 
images  in  each  image  class  were  combined  Into  an  average  score  for  that  class. 

Tables  5  to  1 1  display  the  average  scores  for  each  image  class.  The  compression 
score  is  given  in  bits  per  symbol  and  the  overall  score  is  shown  as  a  percentage.  At  the 
top  of  each  table  the  images  contained  in  the  class  are  listed  along  with  the  lossless 
compression  achieved  by  the  original  JPEG  algorithm. 

NOTE:  Some  of  the  images  on  the  current  CD-ROM  do  not  appear  in  any  of  the 
following  tables  because  they  were  added  after  the  algorithm  evaluations  had  been 
completed. 

TABLE  5  -  Algorithm  Scores  For  Video  Image  Class 


Images  included:  HOTEL,  GOLD 
JPEG  Lossless  compression  (bps):  4.144 


Contributor 

RICOH 

Mitsubishi 

UCSC  (1) 

NEC 

CANON 

WMS 

HP 

KODAK 

Algorithm  Name 

CREW 

CLARA 

ALCM 

LTC 

APEC 

CALC 

LOCO-I 

DARC 

Lossless  (bps) 

3.97 

3.88 

4.09 

3.91 

mm 

mm 

Score 

96.66 

98.16 

■Bl 

93.87 

96.20 

B9 

BB 

BS 

Lossy  1  (bps) 

2.67 

2.44 

2.38 

2.38 

2.48 

2.44 

2.33 

2.44 

Score 

79.57 

92.82 

96.21 

96.03 

89.61 

92.02 

100.00 

92.74 

Lossy  2  (bps) 

2.12 

1.75 

1.73 

1.82 

1.84 

1,74 

1.90 

2.18 

Score 

77.62 

98.31 

99.44 

93.08 

92.00 

98.74 

89.49 

76.60 

Lossy  3  (bps) 

1.80 

1.36 

1.35 

1.43 

1.46 

1.41 

1.61 

Score 

73.84 

98.88 

99.41 

93.36 

92.01 

95.89 

83.04 

Lossy  7  (bps) 

1.22 

HQ 

0.65 

0.65 

00 

0.70 

0.76 

1,04 

1.23 

Score 

59.78 

IBS 

99.00 

98.94 

m 

94.00 

88.83 

68.90 

60.81 
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TABLE  6  -  Algorithm  Scores  For  Prepress/SCID  Image  Class 


Images  included;  BIKE,  WOMAN,  CAFE,  TOOLS 
JPEG  Lossless  compression  (bps):  4.8 


TABLE  7  -  Algorithm  Scores  For  Scanned  Image  Class 


Images  included:  BIKES,  WATER,  CATS,  GRAPHIC 
JPEG  Lossless  compression  (bps):  2.942 


TABLE  8  -  Algorithm  Scores  For  Aerial  Photograph  Class 

Images  included:  AERIAL1 ,  AERIAL2 
JPEG  Lossless  compression  (bps):  6.565 


TABLE  9  -  Algorithm  Scores  For  Compound  Documents  Class 

Images  included:  CMPND1,  CMPND2,  CHART,  CHART_S 
JPEG  Lossless  compression  (bps):  1.889 


Contributor  ! 

RICOH 

Mitsubishi 

UCSC  (1) 

mimsigi 

NEC 

CANON 

WMS 

HP 

CREW 

CLARA 

ALCM 

LTC 

APEC 

CALC 

LOCO-I 

Lossless  (bps) 

2.38 

1.67 

■mi 

1.85 

1.78 

1.66 

1.60 

■i 

Score 

75.71 

97.39 

89.87 

92.01 

96.49 

99.78 

Lossy  1  (bps) 

1.71 

1.09 

mQ 

1.13 

1.12 

1.27 

Score 

56.49 

97.30 

BBI 

91.92 

96.20 

72.38 

Lossy  2  (bps) 

1.44 

0.86 

0,95 

0.98 

0.97 

0.88 

0.99 

Score 

56.71 

98.49 

83,06 

80.95 

79.75 

95.47 

82.73 

Lossy  3  (bps) 

1.27 

0.72 

0.81 

0.82 

0.83 

0.74 

0.91 

Score 

56.19 

89.03 

86.67 

84.74 

81.67 

97.37 

76.85 

Lossy  7  (bps) 

0.93 

|K| 

0.52 

0.53 

0.50 

0.49 

0.58 

0.66 

Score 

54-72 

84.82 

83.96 

82.20 

95.19 

82.82 

67.82 
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TABLE  10  -  Algorithm  Scores  For  Medical  Image  Class 


Images  included:  FINGER,  XRAY,  CR,  CT,  US,  MRI 
JPEG  Lossless  compression  (bps):  5.18 


RICOH 

Mitsubishi 

UCSC  (1) 

NEC 

CANON 

WMS 

HP 

KODAK 

CREW 

CLARA 

ALCM 

LTC 

APEC 

CALC 

LOCO-I 

DARC 

Lossless  (bps) 

5.11 

5.06 

HQ 

4.80 

5.01 

4.93 

4.73 

4.92 

5.22 

Score 

92.14 

95.58 

98.18 

95.22 

95.71 

99.65 

96.93 

93.25 

Lossy  1  (bps) 

3.68 

3.41 

3.38 

3.56 

3.51 

3.59 

3.54 

3.88 

Score 

79.71 

93.68 

95.60 

85.78 

89.24 

86.44 

87.05 

Lossy  2  (bps) 

3.08 

2.97 

2.81 

2.76 

2.91 

2.93 

2.99 

2.91 

3.21 

Score 

81.32 

88.20 

94.79 

96.96 

88.67 

89.60 

87.64 

90.00 

77.73 

Lossy  3  (bps) 

2.70 

2.57 

2.40 

2.37 

2.50 

2.53 

2.64 

2.53 

2.83 

Score 

81.10 

89.60 

95.59 

96.98 

89.43 

89.43 

85.66 

87.75 

77.34 

Lossy  7  (bps) 

2.00 

1.77 

1.56 

1.73 

1.80 

1.74 

Score 

75.40 

87.11 

mBBI 

98.73 

jBH 

89.38 

86.72 

88.82 

TABLE  1 1  -  Algorithm  Scores  For  Computer  Generated  Image  Class 


Images  included:  FAXBALLS 

JPEG  Lossless  compression  (bps):  0.844 


RICOH 

Mitsubishi 

UCSC  (1) 

NEC 

CANON 

WMS 

HP 

KODAK 

CREW 

CLARA 

ALCM 

LTC 

APEC 

CALC 

LOCO-I 

DARC 

Lossless  (bps) 

1.15 

QQ 

0.82 

0.79 

0.61 

0.89 

0.75 

1.06 

1.08 

Score 

66.25 

Ml 

82.38 

83.50 

97.90 

76.94 

87.09 

71.34 

70.41 

Lossy  1  (bps) 

0.83 

0.34 

0.38 

0.36 

0.41 

0.30 

mm 

0.69 

0.70 

Score 

41.44 

84.44 

75.43 

79.10 

67.09 

98.97 

IH 

46.45 

46.34 

Lossy  2  (bps) 

0.67 

0.28 

0.33 

0.20 

0.65 

0.55 

0.52 

Score 

38.16 

72.62 

61.63 

98.97 

40.13 

42.88 

44.24 

Lossy  3  (bps) 

0.18 

0.27 

0.16 

0.58 

0.43 

Score 

88.09 

63.09 

98.97 

38.59 

45.90 

Lossy  7  (bps) 

0.36 

0.09 

0.15 

0.14 

0.10 

0.44 

0.25 

Score 

40.18 

91.95 

72.76 

75.22 

96.44 

37.55 

46.84 

52.09 

Overall,  the  best  performing  algorithms  were  those  from  UCSC  and  the  trio  of 
Wu,  Memon,  and  Sayood  (WMS).  These  were  the  dominant  algorithms  for  five  of  the 
seven  image  classes.  The  proposals  from  Canon  and  Mitsubishi  also  performed  well 
for  the  computer  generated  and  compound  documents  class,  respectively.  For  most 
image  classes,  the  algorithm  which  provides  the  best  lossless  compression  is  not  the 
same  as  the  one  which  provides  the  best  near-lossless  compression.  Generally,  the 
algorithm  developed  by  WMS  is  best  for  lossless  compression  while  the  UCSC 
algorithms  score  higher  when  greater  compression  is  needed.  This  result  implies  that 
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perhaps  two  algorithms  should  be  selected  and  negotiated  in  the  facsimile  protocol 
depending  on  how  much  lossiness  can  be  tolerated.  It  might  also  be  possible  to  use 
the  lossless  portion  of  one  algorithm  and  the  near-lossless  portion  of  another  for  the 
best  overall  performance. 

7  Recommendations 

It  is  recommended  that  a  new  CD-ROM  be  created  for  the  ITU-T.  The  new  CD- 
ROM  will  have  the  CIELAB  color  images  stored  in  TIFF  with  the  Photometric 
Interpretation  Tag  set  to  the  CIELAB  color  space.  The  current  test  CD-ROM  has  the 
CIELAB  images  stored  with  the  Photometric  tag  set  to  RGB  for  compatibility  with  most 
older  TIFF  readers.  By  using  the  RGB  tag,  readability  of  the  image  file  was  ensured. 
However,  this  lead  to  a  problem  when  the  files  were  viewed  since  the  color  space 
indicated  by  the  TIFF  tag  did  not  match  the  file  data  and  the  Image  was  displayed  in  the 
wrong  color  space.  Presently,  TIFF  readers  have  become  available  that  can  correctly 
interpret  the  CIELAB  Photometric  Interpretation  Tag  and  are  capable  of  displaying  the 
data  in  the  CIELAB.  color  space. 

Also,  a  production  copy  of  the  color  test  chart  with  spectrophotometric  accuracy 
can  be  achieved  by  using  a  micro  densitometer  for  the  scanning  process.  Therefore,  it 
is  also  recommended  that  a  normative  reference  for  the  Scanned  Color  Test  Chart  be 
generated  using  this  technique. 
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Appendix  A 

ITU-T  Approved  Image  Set 


THE  SLEREXE  COMPANY  LIMITED 

SAPORS  LANE  -  BOOLE  .  DORSET  .  BH25  8ER 
meraoNB  mou  (94S 13)  51617  *  msx  123456 


Our  Ref.  350/PJC/EAC 


18th  January,  1972. 


Dr.  P.N.  Cundall, 
Mining  Surveys  Ltd., 
Holroyd  Road, 
Reading, 

Berks. 


Dear  Pete, 

Permit  me  to  introduce  you  to  the  facility  of  facsimile 
transmission. 

In  facsimile  a  photocell  is  caused  to  perform  a  raster  scan  over 
the  subject  copy.  The  variations  of  print  density  on  the  document 
cause  the  photocell  to  generate  an  analogous  electrical  video  signal. 
This  signal  is  used  to  modulate  a  carrier,  which  is  transmitted  to  a 
remote  destination  over  a  radio  or  cable  communications  link. 

At  the  remote  terminal,  demodulation  reconstructs  the  video 
signal,  which  is  used  to  modulate  the  density  of  print  produced  by  a 
printing  device.  This  device  is  scanning  in  a  raster  scan  synchronised 
with  that  at  the  transmitting  terminal.  As  a  result,  a  facsimile 
copy  of  the  subject  document  is  produced. 

Probably  you  have  uses  for  this,  facility  in  your  organisation. 

Yours  sincerely, 

fJji. 

P.J.  CROSS 

Group  Leader  -  Facsimile  Research 
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ITU-T  Document  No.  2 
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GROSS 

WEIGHT 

1 

8  kg 

VAIEUR 

VALUE 
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t>'ordr«dc  lancement  et  de  rdaliiation  des  application*  fait  I'objet  de  ddcisicms  au  plus  haul 
nivaau  da  la  Direction  Gfodrale  dea  Tdldcommunicationa.  II  n*est  certea  paa  <|ueation  de 
conatruire  cc  ayatbme  intdgrd  *'en  bloc"  mala  bien  au  contraire  de  procdder  par  dtapea,  par 
palter  a  aucceaaifa«  Cartainea  apidicationa,  dont  la  rentabllitd  ne  pourra  dtre  aaaurde.  vt 
aeront  paa  entrepriaea.  Actuellement,  aur  trente  applicationa  qui  ont  pu  dtre  fllobalement 
ddflniaa,  aixen  aont  au  atade  de  I'exploltatlon,  aix  autrea  ae  aont  vu  diMuier  la  priority  pour 
leur  rdaliaatiaD. 

Chaque  ai^dlcation  eat  confide  k  un  "chef  de  projet",  responaable  aucceaaivement  de  aa 
conception,  de  aon  analyae^programmation  et  de  aa  miae  en  oeuvre  dana  une  rdgiwi-pllote. 
La  gdndraliaaticm  ultdrieure  de  1 'application  rdaliade  dana  cette  rdglon-pilote  ddpend  dea 
rdaulUta  obtenua  et  fait  I'objet  dhme  ddciaion  de  la  Direction  Gdndrale.  Ndanmoins,  le 
chef  de  projet  doit  dda  le  ddpart  conaiddrer  que  aon  activitd  a  une  vocation  nationale  done 
refuaer  tout  particulariame  rdgional.  n  eat  aidd  d'une  dquipe  d'analyatea-programmeura 
et  entourd  d'un  "groupe  de  ccmception"  chargd  de  rddiger  le  document  de  "ddftnition  dea 
objectifaglobaux"  puia  le  "cahier  dea  chargea"  de  Vapplication.  qui  aont  adreaada  pour  avia 
k  toua  lea  aervicea  utlllaateura  potentiela  et  aux  chefa  de  projet  dea  autrea  applicationa. 
Le  groupe  de  conception  comprend  6  i  10  peraonnea  reprdaentant  lea  aervicea  lea  plus 
divers  concemda  par  le  projet,et  comporte  obligatolrement  un  bon  analyste  attachd  k  I'ap- 
plication. 

n  •  L'IMPLANTATIW  GEOGRAPHIQUE  D'UN  RESEAU  INFORMATIQUE  PERFORMANT 

L 'organisation  de  I'entrepriae  fran^aiae  dea  tdldcommunications  repose  aur  I'exiatence  de 
20  rdgiona.  Dea  calculateura  ont  dtd  Implantda  dana  le  pasad  au  molna  dana  toutea  lea  plus 
importantea.  Ontrouve  ainai  dea  machines  Bull  Gamma  30  k  Lyon  et  Marseille,  dea  CE  425 
k  Lille,  Bordeaux,  Toulouse  et  Montpellier,  un  GE  437  k  Massy,  enfin  quelques  machines 
Bull  300  TI  k  programmes  ctblds  dtaient  rdeemment  ou  aont  encore  en  service  dans  les 
rdgiona  de  Nancy,  Nantes,  Limoges,  Poitiers  et  Rouen  ;  ce  pare  est  eaaentiellement  utilisd 
pour  la  eomptabilitd  tdldphonique. 

Al'avenir,  tila  phipart  dea  ft^iera  ndceaaairea  aux  applications  ddcrites  plus  haut  peuvent 
dtre  gdrdaen  temps  diffdrd,  un  certain  nombre  d'entre  eux  devront  ndeessairement  dtre  ac> 
■cesaibles,  voire  mis  k  jour  en  temps  rdel :  parmi  cea  dernier  a  le  fichier  com"merclal  des 
abonnda, .  le  fichier  dea  renaeignements,  le  fichier  des  circuits,  le  fichier  technique  dea 
aboonds  contiendront  dea  quantitda  conaiddrables  d' informations. 

Le  volume  total  de  caractdi^a  k  gdrer  en  phase  finale  sur  un  ordinateur  ayant  en  charge 
quelques  SOO  000  abonnda  a  dtd  estimd  k  un  milliard  de  caraetdres  au  moins.  Au  moins  le 
tiers  dea  donndea  aeront  concerndes  par  dea  traitements  en  temps  rdel. 

Aucun  des  calculateura  dnumdrda  phis  haut  ne  permettait  d'envisager  de  tels  traitements. 
L'intdgration progressive  detoutes  lea  applications  suppose  la  erdation  d'un  support  commun 
poor  toutea  lea  informations,  une  vdritable  "Banque  de  donndes",  rdpartie  sur  des  moyens 
detraitement  nationaux  et  rdgionaux,  et  qui  devra  Tester  alimentde.  mise  3i  jour  en  perma¬ 
nence,  k  partir  de  la  base  de  I'entreprise,  e'est-fi-dire  les  chantiers.  les  magasins,  les 
guichets  dea  aervicea  d'abonnement,  les  services  de  personnel  etc. 

L'dtude  des  diffdrenta  fichiers  k  constituer  a  done  permis  de  definir  les  principales  carac- 
tdriatiquea  du  rdaeau  d'ordinateurs  nouveaux  k  mettre  en  place  pour  aborder  la  rdalisation 
du  systdme  informatif .  L'bbligation  de  faire  appel  a  des  ordinateurs  de  trolsidme  gdndration, 
trdapuisaantaetdotdsde  volumineuses  mdmoires  de  masse,  a  conduit  a  en  rdduire  substan- 
tiellement  le  nombre.  ' 

L 'implantation  de  sept  centres  de  calcul  interrdgionaux  constituera  un  compromis  entre  : 
d 'une  part  le  ddsir  de  rdduire  le  coOt  dconomique  de  1 'ensemble,  de  faciliter  la  coordination 
dea  dqulpes  d'informaticiena;  et  d 'autre  part  le  refus  de  order  des  centres  trop  importants 
difficiles  k  gdrer  et  k  diriger,et  posant  des  probldmes  ddllcats  de  sdcuritd.  Le  regroupe- 
ment  des  traitements  relatifs  k  plusieurs  rdgions  sur  chacun  de  ces  sept  centres  permettra 
de  leur  donner  une  taille  relativement  homogdne.  Chaque  centre  "gdrera"  environ  un  mil¬ 
lion  d'abonnds  4  la  fin  du  VIdme  Plan. 

La  mise  en  place  de  ces  centres  a  ddbutd  au  ddbut  de  I'annde  1971  :  un  ordinateur  IRIS  50  de 
la  Compagnie  Internationale  pour  I'lnformatique  a  dtd  installd  k  Toulouse  en  fdvrier  ;  la 
tndme  machine  vient  d'dtre  mise  en  service  au  centre  de  calcul  interrdgional  de  Bordeaux. 


Photo  n*  1  -  Document  trds  dense  lettre  1,  Smm  de  haut  - 
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Ok  fit  d'autanc  plui  vakble  que  T6f  tA  plus 
fiaiid.  A  m  ^ard  k  figure  2  rtpfkcnte  k  vr»ie  courbe 
dounut  1^)1  en  fonction  de/pour  let  valeun  numd- 
riquet  in^quta  page  pidcddente. 
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TA*-«0 

'air* 
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Dans  oe  cat,  le  fihie  adaptd  pourra  dtre  conttkud, 
conformdinent  i  k  figure  3«  par  k  cascade  ; 

—  d'un  fiitre  passe-bande  de  transfert  uniU  pour 
/o  et  de  transfert  quasi  nul  pour 

/  <  et  /  >  fiitre  ne  modifiant  pas  la  phase 

des  compotants  k  travenant ; 


SB 

HUH 

Fto.  3 


—  fiitre  suivi  d'une  ligiie  k  retard  (LAR)  disper¬ 
sive  ayant  un  temps  de  propagation  de  groupe  7^ 
ddcroikant  lindairenient  avec  U  frdquenoe  /  suivmnt 
Texpression  : 

T,-T,+ai-/)X  («v«cr,>T) 


(voir  fig.  4). 
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tdle  ligne  k  retard  est  dpnnde  par  : 

Et  cette  phase  est  bien  ]’o|H>osd  de  /^(fX 
k  un  ddphasage  constant  prds  (sans  importance) 
et  k  un  retard  To  prds  (indvitable). 

Un  signal  utile  S(t)  traversant  un  tel  fiitre  adaptd 
donne  k  k  sortie  (h  un  retard  prds  et  4  un  ddpha- 
sage  prds  de  k  porteuse)  un  signal  dont  k  transformde 
de  Fourier  est  rdelle,  constante  entre  et  /o+A/> 
et  nulle  de  part  et  dkutie  de  /q  et  de  /o+A/^  c*est- 
h*dire  un  signal  de  frequence  porteuse  et 

dont  renvdoppe  a  k  forroe  in^qude  k  k  figure  5, 
ok  Ton  a  repidsentd  simultandmimt  le  signal  5(1). 
et  le  signal  5|(/)  oorrespondant  obtenu  k  k  sortie 
du  fiitre  adapts.  On  comprend  k  nom  de  rtopteur 
k  compression  d*imputsion  donn4  k  oe  genre  de 
fiitre  adapts  :  k  «  k^ur  a  (h  3  dB)  du  signal  oom- 
prim4  4tant  dgak  k  l/AT,  k  rapport  de  compression 

eAAeJL.^tAf 

1/A/ 


On  sakit  physiquement  k  phinomdne  de  com¬ 
pression  M  rkUsant  que  lorique  k  signal  5(/)  entre 
dans  k  ligne  k  retard  (LAR)  k  frequence  qui  entre 
k  premkre  k  I’instant  0  est  k  frequence  basse 
qui  met  un  temps  pour  traverser.  La  frequence  / 

entf*  i  I'MMant  t  —  «  die  met  un  temps 

T 

^Q-Cf-Zo)  —  pour  traverser*  cc  qui  U  fait  ressortir 

.A/ 

k  I'instant  7*m  fitalement.  Ainsi  done,  k  sianal  .Vfr'l 
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Cm  (Mliil  tuttiPCtift)  pour 
C«  «  •  (7.  -  35dB  G»  ^  25dB 
X  □  £ 


Mali  okoKt  £  C2.  G«>  pour 

G.--2S  G.-3SdB 

•  ■  A  -  daai  Ift  ptrtie  moaiante 

X  •  -  daw  U  partie  dcioeaduile 


CoQfbaa— —  ■i  -  — l>(g,Cj 

Ftauaa3 
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6  Point  dKljc  giewo  I Iwco  xcegp  cNvbm  xiuyt  rEJ  v2  dUJe  giewo  »lW3o  icaQp  c^bm  litiy  akjf  kjK56  de^e  83MKI^e  pewo  %\  weo  xcaqp  cNvboi  jduyt 

iCiiv2  diajorEdvidkli5giowo6Lweo)tca4Q  cnvbm  xSuytredVJ  dkfie  Gie6o«lwXoJtcaqp  KLSerketehaksOd  dKlicpIewo  r1  woo  xcaqp 
nrw»>m  ^1^.  iW^  glatwoAlBODxiflyp  aiytnnxtwyt  redOjdkpg  tfUIwo  Skrinn  HrlKnrt  54gte  oNybm  3dr>jyt  rBd72  dfctfeolftftim  x^^yt 

•hreo  *c«7f  C>«hsi  xi26i  rwKj  KJfJ«  gitm«  Slw«ft  AcStf  4ta«lun  xinjrt  dk^e  gV«w  5p«je  Vvn«l  el  eNvba  idmjrt  Ht4w2  dkOe  cKvhm  xin>t 


6  Point 


dKge  tl©WO»Jww*»<»clpcN»fc»»liifit€av2  iau«  Bfawart  W3o  *iuy  ciliik  MX56<fcfi«*3kk  p.i*kA  hr.«idKlkal&wo  tlw#o  xcMPcNrIm  «iuyi  rEdKfic 

rEiM  tlMfo  >ct4G  WMtm  xduvtiwWJ  dkfle  Giefci  ilwX®  naqp  KLiar  heiQtt  SkaOd  fwfcOH  aaoi.  stshL  Pweh  dihe  dK«e  0dwo  si  wm  xcieE^cNvbm  id  jyl  rE  k«k^ 


diM*sQi7|ia 


■  xlijlMij  i**— **>H  •Xu**  *«k»r.O  b-l 


4  Point 


»i  M4VJ*Mi  C  «f«i 'C«KW«*M<*'<x 


•  «,w«C  aUMf  w(C  i« 


3  Point 


2  Point 


65  Line  Screen 


133  Line  Screen 


85  Line  Screen 


150  Line  Screen 


120  Line  Screen 


Facsimile 
Test  Chart 


Figure  10 
Half-tone  Chart 


Figure  1 1 
Sailboat  #1 


Figure  12 
Sailboat  #2 


Figure  13 
Sailboat  #3 


Figure  14 
Sailboat  #4 


Figure  15 
Composite 
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tun  and  sport. 

Famous  for  its  International  Film  Fesl 
Cannes  enjoys  a  dry,  mild  climate,  n| 
for  sunworshippers  and  sports  enthil 
nightlife  of  casinos,  cafes,  and  galas| 
naries  from  around  the  world. 

■0:  The  Promenade  de  la  Croisette  is  th| 
p  I  the  city^  broad,  tree-lined  boulevarcl 
tween  the  grand,  elegant  hotels  andl 
Mediterranean  seafront.  The  Palais  [ 
overlooking  the  yacht-filled  harbor, 
convention  center,  theater,  boutiques| 

Cannes  can  provide  more  than  just 
An  engaging  variety  of  tourist  activitl 
Museum  of  Mediterranean  Civilizatil 
ride  to  the  observation  tower  at  SupJ 
its  panoramic  view;  a  boat  trip  to  thel 
explore  the  fortified  fifth-century  mol 
chapel,  or  to  view  the  ceil  where  the! 
Mask”  was  kept  in  solitary  confinem| 
Louis  XIV  in  1687. 

Shopping  is  a  must  on  rue  d’AntibesI 
the  finest  quality,  as  it  is  distilled  locil 
urious  flowers  which  grow  along  thel 

The  superb  cuisine  for  which  FrancJ 
well-represented  in  numerous  restail 
an  exciting  range  of  dining  experlenJ 


extreme  pleasures  of  haute  cuisine  I 
lights  of  local  fish  dishes  prepared  ir| 


Figure  16 

Magazine  Text,  Half-tone 


Borlu'i  tVkTl  in  Ivulf-n  I 
dung.  I  in  Schdtu-borger 
ht'itsglocke  liuiton,  won 
both  II.  von  (in)i>briton 
KtMg.in  und  dcrtr«>n/ 
n*^ch  Borlin  kommon.  B 
schoidplat/  nn  dor  Borh.l^ 
dainm.  ^ 

"Er  golU  ja  in  dor  WiT? 
s.inft  und  wandlo  Siicb  um,  donn  die  Tur  /um  Lokal  wurdo 
und  doi  ersto  C'».ist  dio‘^c^  Tago^i  trat  eiiu  Sic  wav 
oiiK-n  Augonblick  ^v)  verbluU't,  dal>  ^io  nicht  oinmnl  guten 
Tag  .sagon  konnto.  DalOr  ^agu.‘  Taubort  os.  und  sic'  orkannlo 
sofurt  dio  Stiinnio,  dio  sic*  aii\  lolofcni  gchdrt  hattc.  tines 
war  alU.*rdings  komisoh:  Sio  hattc  oin  guto<  CjO'dachtnis  bir 
(  tosichtcr,  abor  soins  war  n\K'h  nio  liier  ini  Sojnncbacbhof- 

5^^16,^110  sie  -  nndor>vvo. 
!  o  os  'aowoson  Sirin 


unobach  und  wnren 
i'Joktor!" 

|ich,  die  sich  in  dor 
woii  namlich  die- 
,  glaubto  boinorkon 
|t'n  sohr  vvohl  wisst.\ 
I ’.vein  yu  kivdirn/on 
3  oils  worn  \-on  L'boi', 


t*r  mit 
r  isl  os. 


cinom  vcr 
wonn  man 


r  >iv  ihn  kannU*.  ir.r 
nunn  in  diT  Woin- 
ontisoho  sauro  l.obo*r 
ilii  bnnnorn.  ts  gab 
i.s  gab  aiah  koinon 
on  /um  ^‘rston  Mai 
.unmonhiiig,  mul.^io 

>ich  orst  lu’raii''.k?'i‘’lalhsioivi'..  *m.u  jowlon  I*a|]  stand  soin 
\»inu'  ilarin.  l)oinnail*  ••oisnio  ;iim  odi’i  hallo  dim 
iioiiurt.  w.ir  i'nm  ontuoudot  -uhT  i-  n  ilim  "oUvr  vorsohonkt 

2S 


rri' 


n,  hs  KuiuUo  auv'n  som, 
den  und  nicht  mohr  /uru| 
Hen  wiirde  schon  stimmon. 
iberliel^  don  Cast  der  Kichltj 
^hm  den  bestollten  KievsteinJ 
in  solbcr  an  don  Fenstortisc| 
si.>  ertrischondes  L.iiftchon 
Jiinnon  Strohglasor  dancboH 
genhoiton  benut/.t  wurdcn. 
l^^'anstoGen?"  fragte  Dr.  TauH 
fin  si'hmeckt  er  mir  nicht  - 
etwas  gefahrlich,  wenn  in«j 
a  mut^. 

ich  zu  ziert-'ii,  oin  zweites  Ci| 
.c  voll  und  slieS  mil  ihm  an| 
ut,  dal.^  ich  Ihren  Namen  in  < 
‘1ch  hatte  sonst  gar  nicl] 


immor  piraktisch’ ,  erwidert 
nicht  meine  Sache.  Abor 
nan  leicht  soin  tigomtum  von 
ie.  Sie  konnlc  der  Lust,  ihj 
er  noch  nie  hier  gcivest?n 
kU'  ihn  ontrustet  an,  als  or| 
>ch  so!"  sagto  sie  argorlich. 

•r  meine  Mappo  hiorher?" 
Sie  strafon  sich  solbor  l.iig 

t  sie.  "Daraut  trinke  ich 
Ihnon  an,  wonn  Sie  gestehoi] 


te",  sagle  o'*r,  soin  \Veinglas| 
amlich  wirklich  nicht,  wie 
ich  kann  mir  inir  denkenJ 
moiner  Briider  eininal  hier  im  Sonnobnchhofcho 
iiber  den  Durst  getrunken  hat  und  dann  in  so| 
si?Hgkoil  vergal?,  dio  Mappo  an  sich  /u  nelunon.  ' 
Vordienst  bin  ich  nun  der  NulznioBer  dioser  Verj 
Sie  soil  gesegnel  sein!  Frost,  ITaulein  jossiel ' 
■’Prosit!'  sagte  sie  boliistigt,  stitT^  mit  ihm  an  I 
dann  die  Mappe  aus  dem  F.inbauschrank  hema 
Sic,  hier  stehl  ll\r  Nameeingo/.ciclinet  -  cand.med.  - 
'Selige  Zeiten!  ”  lachlo  Taubert.  "Pas  l.odor  ha| 
aiisgehalten.’’ 

Jossie  nickti.',  spioUe  mit  dem  VerschluS  der 
das  etwas  verrostete  Schlol>  vUif-  und  /u^pringo] 
dann  von  ncucm  an. 

Taubert  nahm  sie  ihr  behulsam  aus  don  ilandi  j 
sie  neben  sich  aiit  das  Fensterbrctl.  'Sie  werdeij 
donken  kdnncn,  wie-so  ich  arn  'relefon  gosagt  ha| 
Nierstciner  ohne  Sprudel  inochte.  -  Uli  habe 
einer  Weinstube  in  Miinchon  gesossen,  als  Sie  ml 
teren  Herrn  hereinkamen.  Und  der  hostel Ite  mc 
mit'  und  Sie  ha  bon  i!m  doswegon  gotadoU  und  brrn 
"ich  orinnerc  mich",  sagto  Jossio. 

"Frinnern  Sie  sicii  auch  moinor?" 

■,'\uch  Hirer,  ja!  *  Sie  sal.'^on  an  emom  wior  \oboj 
abon  gebackene  I  i  bor." 

"Und  bis  ich  aut-  und  nitch  umsah,  uaion  Sit' 
Taubert.  "Aber  der  1  limmol  hat  mir  dioson  roi/o| 
mit  dor  Mappo  goschickt,  und  au!  don  irmken  \\i| 
(kitt,  ob  icii  Sie  sonst  Sti  sch.noll  gotundon  halte.’ 
jossio  wollte  tragon  "habon  Sio  mkh  donn  gosuci| 
Iiel>  os  am  bt'slou  sein  Fr  war  nicht  dor  orsie 
tn'Stinuni  auch  nicht  dor  lot/to  m'iii,  hoi  ooml 
Fiammciion  der  Zunrigung  autgiiminon  ^ah  1:?.  b!| 
ebonsv>  schnell  wievUrr  hoiunror  uuui  oilo^'Ch.  oho^ 
goben  N'ormochlo.  IXis  wai  u  odor  olv.\w  Xom;",  I 


Figure  17 

Magazine  Page,  Composite 


CONTINUOUS  TONE  TACSIMliE  TEST  CHART  OTI 


Figure  18 

T.22  Test  Chart  No.  5 


Figure  19 
House  With  Trees 


Figure  20 
House  With  Sky 
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Figure  21 

Scanned  Color  Chart 


Figure  22 
Kids  With  Toys 


Figure  23 

Computer-generated  Spheres 
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Advanced  Lossless  JPEG  Images 


HOTEL 


GOLD 


ISO  400 


WOMAN 


BIKES 


WATER 


CATS 


AERIAL1 


AERIAL2 


Bear  Paw, 

I  was  delishted  to  hear  from  yov<  last  week*  Patti  and  I  had  a 
ioiderful  time  tkring  cur  wek-long  v.3cation*  The  wea¬ 

ther  was  excellent/  and  the  food  was  ^solutely  exquisite,  I 
hope  that  we  can  repeat  this  r^ext  ye.3t'  arx}  that  you  will  join 
us  too, 

l«te  cai^e  back  with  a  lot  of  fantastic  rftewcries,  we  would 
like  to  share  with  you  through  some  snapd'iots  that  we  took* 


Ckr  favorite  is  this  pictur'e  of  us  aboard  the  “Top  Hat*,  which  I 
have  pasted  into  this  letter  using  some  really  neat  advanced  dig¬ 
ital  imaging  technology  on  my  hcxse  cc»i?>ute-r.  He  will  ship  the 
rest  to  you  cn  a  CB-ROH  soon*  Hishir^  you  the  best. 

Love, 

Si4san 


CMPND1 


January  31, 2001 


Dear  Mom  and  Dad, 

How  are  both  of  you  doing?  1  thought  1  would  drop  a  line 
to  say  hL  Fanny,  little  Danny,  and  I  are  doing  well.  As 
you  can  see  by  the  picture,  little  Danny  isn’t  quite  so  little! 
Isn't  this  letter  really  great!  I  took  a  picture  of  Danny 
that  was  on  a  Kodak  PhotoCD,  and  I  merged  it  onto  this 
letter  using  my  computer.  I  then  printed  the  letter  using 
a  color  inkjet  printer  I  just  bought... 


Danny  's  zvearing  the  gorgeous  BLUE  sweater  you  gave 
him  last  time  you  were  visiting.  It  just  brings  out  die 
RED  in  his  lips  and  cheeks.  He  definitely  gets  his  good 
looks  from  his  mother! 

Take  care  of  yourselves  and  write,  soon. 

Love, 

Michael 


CMPND2 


FINGER 


US 


FAXBALLS 


BAND1 


INGRESS 
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Evaluation  criteria  for  the  lossless  continuous-tone  image  compression 
work  item  (JTCl.29.12) 

The  contributors  are  welcome  to  present  the  system  performance  using  a  number  of 
different  memory  sizes.  Only  the  best  will  be  used  for  scoring. 

Committee's  rational:  It  is  important  to  consider  memory  cost  when  evaluating 
compression  performance.  This  formula  has  no  compression  cost  until  the  memory  is  over 
2^^  bits.  After  that  amount  of  memory,  the  compression  performance  must  achieve  about 
0.75%  better  performance  for  every  doubling  of  memory  to  have  an  increase  in  score.  This 
considered  a  very  modest  scoring  hit  for  large  memory  utilization  and  is  in  keeping  with  the 
desire  to  achieve  exceptional  compression  performance.  The  applications  for  this  standard 
are  consider  to  be  at  the  higher  end  of  the  market  and  more  tolerant  of  higher 
implementation  cost. 


Near-lossless  compression  evaluation 

There  are  four  categories  for  near-lossless  compression  defined  by  different  bounded 
reconstructed  image  error  at  each  pixel  (component).  These  bounds  are  +- 1,  +-2,  +-3,  and 
+-7.  The  scores  from  each  category  are  added  together  for  the  total  score.  The  scoring  for 
each  category  is  as  follows; 

Snl  =  (3S  +  Snnse)  /  4 

where  Snl  is  the  near-lossless  score,  S  is  the  performance  score  from  above,  and  Snnse  is 
the  score  for  RMSE.  Snnse  is  the  following: 

(Sto  of  system  under  test) 

Srmse  =  100  - 

(Best  Sto  of  all  systems  under  test) 

where  Sto  is  the  trade  off  score  between  compression  and  RMSE.  Sto  is  the  following: 

0.3  (2CG  -  1)  X  CG 

Sto  = - ,  for  RMSE  >0 

(RMSE) 

where  CG  is  the  coding  gain.  CG  is  the  following: 

/  (BLbpp)  -  (SUTbpp),  (BLbpp)  >  (SUTbpp) 

CG  =  I 

\  0,  otherwise 

where  BLbpp  is  the  bits  per  pixel  (or  component)  of  the  best  lossless  compression  of  that 
particular  image  and  SUTbpp  is  the  near-lossless  bit  per  pixel  of  the  system  under  test. 
RMSE  is  calculated  by  the  folfowing  equation: 


RMSE  =  { 1/N  sum[  (xoriginal  *  ^reconstructed)^  ]  } 


where  N  is  the  number  of  pixels  (components),  Xoriginal  is  the  original  pixel  value,  and 
^reconstructed  is  the  near-losslessly  reconstructed  image. 
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Evaluation  criteria  for  the  lossless  continuous-tone  image 
work  item  (JTCl.29.12)  ^ 


compression 


welcome  to  present  the  system  performance  using  a  number  of 
thfSSing.^'”°'^  distortions  for  each  category.  Only  the  best  will  be  used  for 


^  quantitative  metric  is  used  because  subjective  testin'^  of  all  the 
images  could  be  costly,  time  consuming,  and,  at  the  near-lossless  level  of  distmtinn 
inconclusive.  Although  RMSE  is  far  from  a  perfect  metric,  k  does  Sf Lenity 

?e'l:on^tr^cted?m\?ef  of  how 

reconstructed  images  imght  perform  under  post-processin<'  At  a  later  dare  rnmhahh/ 

tesTcn^H  field'of  proposes  ^^en  ituced,  a  sSetW^ 

test  could  be  performed  to  further  differentiate  between  methods.  ^ 


Color  component  cross-correlation  usage 

Color  component  cross-correlation  may  not  be  used  to  achieve  higher  compression  for  the 
inmal  evaluation.  This  means  that  each  color  component  band  mSl^bf  comprised 
mdependenUy  of  other  bands  in  the  image.  No  color  transform  or  adaptive  method  may  be 

welcome  to  present  results  that  use  cross-correlation  in  addition 
however,  these  results  will  not  be  used  for  scoring.  aaauion, 

SiTess^^i^nr2^^v'^''ih^°  color  component  cross-correlation  to  be  used  might 
unnecessary  prejudice  the  performance  of  some  proposals  relative  to  others  At  the  initial 

odpS lo'lhi^nw  comAL  perfon„anc=  Jte 

Sation  w m  component  cross-correlation  method.  Eventually  this  type  of 

correlation  will  be  added  for  complete  system  performance.  At  that  time,  however  it  mi^ht 

teuomp^iofi^ftod"''  method  and  the 


Description  of  computation  performance 

Computation  performance  in  software  will  not  be  scored  during  this  initial  evaluation 
Hiwever,  contr  Jutors  are  requested  to  describe  the  software  speed  performance  for  both 

cZ™i?r°n  ^®^0®pressi0n  in  terms  of  bytes/second.  Please  alsS  describe  the  type  of 

computer  on  which  these  tests  were  performed.  A  discussion  of  the  comput^nal 
complexity  in  both  software  and  hardware  would  also  be  helpful.  ^ 

the  co^ttee’s  desire  that  this  standard  be  reasonably 
n? ^  ?  both  hardware  and  software.  However,  meaningful  empirical  comparison 

have  to  be 

co?t  Wnnf  same  type  of  coniputer  and  run  on  the  same  computer,  possibly  at  great 
''',‘?°"^®“ience.  Also,  experience  has  shown  that  performaS^ce  toovemenron 

ZoSavTl^^.f  that  nascent  sSa^^Se 

^  creative  improvements.  To  use  software  performance  as  a  scored 
entena  might  unduly  prejudice  some  proposals. 


Other  features 

Examte  todude"‘;Sh‘‘  “  “5'  addiUond  features  offered  by  their  systems, 

xampies  include  smooth  progressive  performance  and  palletized  (indexed)  image 
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Evaluation  criteria  for  the  lossless  continuous-tone  image  compression 
work  item  (JTCl.29.12) 

compression.  These  features,  while  not  evaluated  quantitatively,  will  defiantly  add  value  to 
the  proposals. 


Intellectual  property  rights 

Contributor's  are  required  to  disclose  any  intellectual  property  rights  (held  now  or  currently 
applied  for)  that  relate  to  their  proposals. 

Committee's  rational:  The  interest  of  the  committee  is  to  create  a  readily  usable  and 
accessible  standard.  It  is  desirable  to  avoid  difficult  negotiations  and  high  costs.  The  goal  is 
to  ensure  that  the  intellectual  property  rights  situation  is  not  more  complex  than  the  situation 
of  ISO/IEC  11544(7816). 


Test  image  set 

There  are  24  images  to  be  used  as  test  images  for  proposals.  All  of  these  images  should  be 
used  for  the  lossless  and  the  four  near-lossless  categories.  These  images  vary  widely  and 
attempt  to  cover  the  types  of  images  found  in  probable  applications  of  this  standard.  The 
images  will  be  made  available  to  contributors  on  CD-ROM  after  15  April  1995  from  the 
following: 

ISO/IEC  JTC  1/SC  29/WG  1  Convenor  -  Eric  Hamilton 

C-Cube  Microsystems,  1778  McCarthy  Blvd.,  Milpitas  CA  95035,  USA 

Tel:  1  408  944  6335,  Fax:  1  408  944  8167,  E-mail:  eric@c-cube.com 

Voluntary  donations  of  unetched  CD-ROMs  to  offset  the  costs  are  greatly  appreciated.  All 
the  images  are  in  the  TIFF  format  except  hotel  and  gold,  which  are  in  a  non-interleaved  raw 
format.  The  following  table  describes  the  images. 
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Evaluation 
work  item 

criteria  for  the  lossless 
(JTCL29.12) 

continuous-tone  image 

compression 

iSame 

Source 

Bands 

Size 

uotel 

CCIR  601 

YCrCb^  8  bpc,  4:2:2 

720  X  576 

gold 

CCIR  601 

YCrCb,  8  bpc,  4:2:0 

720  X  576 

woman 

SCID 

CYMK,  8  bpc 

2560  X  2048 

bike 

SCID 

CYMK,  8  bpc 

2560  X  2048 

cafe 

SCID 

CYMK,  8  bpc 

2560  X  2048 

tools 

Crosfield  dmm  scan 

CYMK,  8  bpc 

1524  X  1200 

bike3 

Crosfield  digital  cam. 

RGB,  8  bpc 

919x2103 

water 

PhotoCD 

RGB,  8  bpc 

2048  X  3072 

cats 

PhotoCD 

RGB,  8  bpc 

2048  X  3072 

aerial  1 

aerial  photo 

RGB,  8  bpc 

1024  X  1024 

aerial2 

aerial  photo 

mono,  16  bits  (12  bit) 

1024 X  1024 

artl 

scan  of  engraving 

mono,  8  bits 

5912  X  7268 

art2 

scan  of  painting 

RGB,  12  bpc 

5912x7268 

x-ray 

medical  x-ray 

mono,  16  bits  (12  bit) 

1680  X  2048 

ct 

computer  tomography 

mono,  16  bits  (13  bit) 

512x512 

cr 

computer  radiology 

mono,  16  bits  (10  bit) 

1744  x  2048 

us 

ultrasound 

mono,  8  bits 

■  512  X 448 

mri 

magnetic  resonance 

mono,  16  bits  (12  bit) 

256  x  256 

faxballs 

computer  generated 

CIELab,  8  bpc,  1:1:1 

1024  x  512 

graphic 

computer  generated 

CIE  Lab,  8  bpc,  1:1:1 

2644  X  3046 

chart 

computer  generated 

CIELab,  8  bpc,  1:1:1 

1752  X  2375 

chart_s 

scan  of  chart 

RGB,  8  bpc 

1688  X  2347 

finger 

fingerprint 

mono,  8  bits 

512x512 

compound 

computer  generated 

RGB,  8  bpc 

768x512 

Japan.'^°™^"  ’  "*^*^* "’  provided  by  the  Image  Processing  Technology,  Standard 

T^e  images  "tools"  and  "bike3"  are  provided  by  Crosfield  Electronics,  PLC 
^e  mages  "water"  and  "cats"  are  provided  by  Mr.  Phil  Fennessy. 

^e  images  "^1"  and  "art2"  are  provided  by  the  French  Ministry  of  Culture 

The  image  finger  ’  was  provided  by  the  United  Kingdom  Home  Office. 
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